NS102 Lecture 12

20th Century Icons featured in today’s lecture
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News or the weeK

* No office hours Thursday
 Lab this week: 2"d week of geometry of the universe

« Exam #2: May 20t

 Final Exam:



Facts about light

1. Light is a wave

o = D>

¢ = velocity of wave (ks™)
c=Av A= wavelength (cm)

_ -1
v = frequency (Hz or s™) |

2. The wavelength is quantized

Visihle Emission Spectirum



3. Doppler shift

‘This ohserver ' This observer
sees blueshaft _ sees redshift
A=C At — v At A= C At + v At

NS






A=c At v At

c At = A, — A=A,V At

C

ﬂ“O

\"
C




Edwin Hubble
1884 - 1953
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CARTOON COURTESY OF AND © 2000 BY BIMAN MATH
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THE HUBBLE CONSTANT ? I WOULDNT HAVE THOUGHT THAT
WwouLnr EBvee COME BETWEEN US(”




v=H,d
H, = Hubble's constant

H,=500 kms™ Mpc~ Hubble 1929

H, =100 kms™ Mpc™ 1960s
H,= 55kms™ Mpc™ 1970s
H,= 65kms™ Mpc™ 1990s
H,= 72kms" Mpc™ 2001



CONVENTIONAL DIRECTIONS

Empty packet into bowl.
Add /2 cup boiling water; stir,

MICROWAVE DIRECTIONS

INSTANI

QUAKER
OATMEAL

Empty packet into micro-
With Real Wwﬁﬂhlﬂ bﬂw’l
Cinnamon Add 2/3 cup water
& Svice or milk.
. P Microwave at HIGH about
All Natural Flavors 1_2 ﬂ'lil'IthﬂE', St"

Use care when removing

cereal from microwave;
T OR Hc bowl may be hot.
For thicker oatmeal decrease

liquid; for thinner oatmeal
increase liquid.

The universe is shrinking
and will soon be the size
of a golf ball,

Fiction! Most stars and galaxies
are moving away from the earth
which means the universe is
actually getting bigger.

©1991 The Quaker Oats Company
PO, Box 9003, Chicagoe, IL 6 03

See other side for answer.




CONVENTIONAL DIRECTIONS

INSTANT

QUAKER T ——
OATMEAL

Empty packet into micro-
With Real waveable bowl,

Cinnamon Add 2/s cup water
All Natural Flavors 1_2 minutes; Stil'.
Use care when removing
cereal from microwave,
bowl may be hot.
liquid; for thinner oatmeal
@ increase liquid.
Sir Isaac Newton —@
discovered gravity by Fact! Newton made his
' man but was unable to prove
it until almost 20 years later.
&1981 The Quaker Oats Com
PO. Box 9003, Chicago, IL EU-QWE

or milk.
& Spice Microwave at HIGH about
For thicker oatmeal decrease
watching an apple fall famous discovery as a young
U e R

See other side for answer,
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Hubble’s law

The Cosmological
Distance Ladder
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detected wavelength

P

The | ) v emitted wavelength
red |[—=1+—
shift A, C| v recessional velocity
¢ Vvelocity of light
A=A _ VI 22310 kms'




v=H,d
H, = Hubble's constant

Let'sassume H, = 100kms™ Mpc™

km d
s Mpc
\ d
100 kms™ 1 Mpc
1,000 kms™ 10 Mpc
10,000 kms™ 100 Mpc
100,000 kms™ 1,000 Mpc

v=100



A =6,000 Angstroms
A, =35,000 Angstroms
v A-4, 1000

- = =0.2
c A, 5000

v=0.2c = v=60,000kms™"



A =15,000 Angstroms

A, =5,000 Angstroms
v A-4, 10,000

- = =)
c A, 5,000

v=2c = v =600,000kms"



¢ =300,000 km s




Relativistic redshift equation

A=A,
o
ﬂ‘O
C(z+1) -1 42
(z+1) +1 22 +22+2
zgzzzﬁ_lo (z <<1)
2 A,



We are not the center of the expansion of the universe

Every galaxy sees the expansion

Cosmological Principle

The universe is the same everywhere

* no special point in the universe
(no center)

* no special set of points
(no edge)



In the field of modern cosmology, the first principle is
called the “Cosmological Principle. It states that the
universe has no center, that it has the same properties
throughout. Every place in the universe has, in this
sense, equal rights. How can the human race, which
has evolved in a universe of such fundamental equality,
fail to strive for a society without violence and terror?
How can we fail to build a world in which the rights of
every human from birth are respected?

Fang Li Zhi
Acceptance speech
for the

Robert F. Kennedy
Memorial Human
Rights Award



Spaces that obey the cosmological principle:

1-dimension:

IR < > X V=jdx=oo

| 27

S V' =R |d¢=27R
0

x2_|_y2 :RZ



Spaces that obey the cosmological principle:

2-dimensions: 1V

2R p - Vzofdxofdy:w

&
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x*+y°+z° =R’

T 27T
V' =R*[sin0do |dp = 4zR*
0 0



Spaces that obey the cosmological principle:

3-dimensions: ,

3

3R . V=deTddeZ:oo
y
°S V = R3]€sin2 ¥ d;(]{siné’ d@zfd¢ =27°R’
0 0 0

xz+y2+22+w2 = R’
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FERO CURVATURE POSITIVE CURVATURE NEGATIVE CURVATURE

FLAT SPHERICAL HYPERBOLIC




Hubble’s Law: v = H,d (H,=100 km s-' Mpc-)
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The Hubble age of the universe
d =vt  distance = velocity x time i
f=H,

d =vH;' Hubble's law
1 1 1 Mfpc
H, =100/ ki X
) s Msc 3><1019)e4
(0.8>4h=0.6)

1004 1 3x10’

= — % t=10"h"
3310”57 lyear L yEA
1007 . 12.5<¢t <17 Gyr

10" years T 10" years 1 Gyr=10"years




